In this proceeding, we present our recent work on decay behaviors of the P c hadronic molecules, which can help to disentangle the nature of the two P c pentaquark-like structures. The results turn out that the relative ratio of the decays of P is more favorable to the experimental data.
Introduction
In 2015, LHCb Collaboration observed two hidden charm pentaquark-like states in the J/ψp invariant mass distribution in Λ 0 b → J/ψK − p decays [1] . The significance of them are both larger than 9 standard deviations. According to LHCb Collaboration's fit results, the masses and widths of the P + c (4380) and P + c (4450) are (4380 ± 8 ± 29) MeV, (205 ± 18 ± 86) MeV and (4449.8 ± 1.7 ± 2.5) MeV, (39 ± 5 ± 19) MeV, respectively. It also shows that the preferred spins of these two states are one having spin 3/2 and the other 5/2 with opposite parities.
Various theoretical schemes are proposed to explore these two P c states' inner structures. In Ref. [2, 3] , the two P c states are discussed as the diquark-diquark-antiqurk states in thec [cu] [ud] configuration. The diquark-triquark system is used to study them in Ref. [4, 5] . The kinematic effect is considered in Ref. [6, 7] to explain the narrow width of P c (4450) state. Also many groups conjecture the two P c states beingD
hadronic molecules [8, 9, 10, 11] , and this scheme has already been used to predict these pentaquarklike molecular states before the discovery of the two P c states in Ref. [12, 13] . Since the mass thresholds of theDΣ * c andD * Σ c are 4387 MeV and 4461 MeV, respectively, which locate quite close to the mass region of these two P c states, we interpret naturally them as the hadronic molecular states composed of eitherDΣ * c orD * Σ c . In this work we will estimate firstly the partial decay widths of the P c (4380) into theDΛ + c and J/ψp channels assuming it is an S-waveDΣ * c orD * Σ c hadronic molecular state. We found that supposing P c (4380) is aD * Σ c orDΣ * c hadronic molecular state with J P = 3 2 − , the relative ratios of decaying toDΛ + c and J/ψp are very different. This can be applied to distinguish the nature of P c (4380) and examined by experiments in the future. It also can shed light on the large decay width of P c (4380). Then we calculate the partial decay widths of the two P c states into various possible final states. The decay patterns differ a lot for the P c states having different components with different spin-parity, and the total decay widths are also different greatly. Based on these decay patterns, we also estimate the production of two P c states in photo-and pion-induced reactions, which shows large cross sections for theD * Λ c andDΛ c production through the s-channel exchange of P c states.
Framework
Firstly, we calculate the partial decay widths of P c (4380) intoDΛ The calculation is accomplished in the framework of effective Lagrangian approach. The detailed Lagrangians for different types of vertices and the involved coupling constants can be found in Ref. [14, 15] , since they are not shown here for simplicity.
The decays of the P c state via meson exchange as a (I):
To make the four-dimension loop integrals in the amplitudes convergent, a Gaussian regulator is added in the first vertex with the form of Eq.(1) after the time-part integration has been done with the residual theorem. The value of cutoff Λ 0 is varied in the range of 0.5 GeV to 1.2 GeV and q is the spatial part of the loop momentum q.
Then we study the decay properties of P c (4380) being aDΣ * Table 1 and the corresponding feynman diagrams with pseudoscalar and vector mesons exchange included are shown in Fig.1 
It should be mentioned that the coupling constants which describe the strength of the interaction between the composite state and its compositions in the first vertex can be estimated with the compositeness condition. Since the corresponding interaction for the J P = 5 2 + P c (4450) state is P-wave, the coupling in this vertex will depend on some parameters which are included necessarily to make the loop integration convergent. In our case, we use the cutoff Λ 0 same as the form factor Eq.(1) for simplicity.
Another off-shell form factor is introduced in our calculation for the exchanged meson with the form of Eq. (2), where m and q are the mass and momentum of the exchanged meson. And the off-shell form factor's cutoff Λ 1 varies from 1.5 GeV to 2.4 GeV.
Results and discussions
The ratio R for the P c (4380) state decaying toD * Λ c channel and J/ψp channel is defined in Eq.(3). Here we only estimate the order of the ratio results, since there are many variable factors cannot be determined. For P c (4380) being aDΣ * c hadronic molecule, the partial decay width ofD * Λ c channel is at least one order of magnitude larger than that of J/ψp channel. However, the partial decay width of these two channels are in the same order if P c (4380) is assumed as aD * Σ c hadronic molecule.
It is found that the partial width of P c (4380) being aDΣ * c hadronic molecule should be much larger than being aD * Σ c hadronic molecular, as there is a large contribution fromD * Λ c channel in the former case. This conclusion is also made by using the non-relativistic formalism with heavy quark spin symmetry taken into consideration, whose details are shown in Appendix B of Ref. [14] . It might explain the broad width of P c (4380) claimed by LHCb Collaboration.
Considering the possible channels in Table 1 , we find thatD * Λ c , J/ψp andDΛ c are the three dominant decay channels. The dependance of total decay widths of the two P c states and branching fractions of these three channels on cutoff Λ 0 and Λ 1 are shown in Ref. [15] . Choosing Λ 0 = 1.0 GeV and Λ 1 = 2.0 GeV, the numerical results we obtained are listed in Table 2 . Mode Our results show that P c (4380) being aDΣ * c molecule will have larger width than being aD * Σ c molecule, and the width of P c (4450) having spin-parity The cross sections of these reactions through s-and u-channel exchange of two P c states with γp and πp incident andD * Λ c , J/ψp andDΛ c outgoing respectively are calculated in Ref. [15] . The productions forD * Λ c andDΛ c final states are much larger than the J/ψp final state. It is helpful to figure out the nature of these two pentaquarklike P c states to seek for them in theD * Λ c andDΛ c production in the future experiments.
